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for KEK’s accelerators:
* SuperKEKB Ring & Linac Damping Ring
- LLRF control system using MITCA boards

= LLRF control system are working well with no serious problem
T. Kobayashi, IPAC14, IPAC18
* |njector Linac

- Reconfiguration of RF Distribution System

- LLRF control and monitor system using FPGA board

= Simultaneous top up injection to four rings (HER, LER, PF and PF-AR) ° :PGQ(\;_TESE FX),
° X -DlI S
- Phase Drift Compensation System * 4x16-bit DACs

Digital I/0
between Linac MO and Ring MO

* CERL
- LLRF control system using MITCA boards

= Investigation of microphonics in ML SC cavities

F. Qiu, ERL19 |
. STF-2
. . y.spp | 2FPGAS
- LLRF control system using MTCA boards . 1xRe4s (£¥Na-7000, Spartan6)
- Digital I/O 14 x 16-bit ADCs

= Average 33.1 MV/m beam operation Y- Yamamoto, SRF19 2 x 16-bit DACs
Mitsubishi Electric TOKKI

2019/Sep./30 L - T.Mat t
/Sep./30 Lignder vector-sum feedbacic €oritrad (T.Vatsumoto) Systom Co. Ltd.



S\ Center for
O ) KE K Recent progress of LLRF control system o iml @“%"pﬁ?omucmg
for KEK’s accelerators:
* SuperKEKB Ring & Linac Damping Ring

- LLRF control system using MITCA boards

= LLRF control system are working well with no serious problem

* |njector Linac

- Reconfiguration of RF Distribution System T. Matsumoto, IPAC18
_ . T. Miura, IPAC18
- LLRF control and monitor system using FPGA board H. Katagiri, IPAC18
= Simultaneous top up injection to four rings (HER, LER, PF and PF-AR
- Phase Drift Compensation System N. Liu, PRAB 22,
between Linac MO and Ring MO 072002 (2019)

* CERL
- LLRF control system using MITCA boards

= Investigation of microphonics in ML SC cavities

« STF-2

- LLRF control system using MTCA boards The digital control units in the

= Average 33.1 MV/m beam operation Injector Linac are based on Xilinx

2019/5ep./30 Lifin'der vector-sum feedbaci¢ €ortrod (T Viatsumoto) ML605 and its daughter bogrd.
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System for SuperKEKB:
LINAC Main Station SuperKEKB Control Room
LINAC-MO Main MO
_ Sync P N
& L 1/51 < < k"..l U )—[1/51]
571.2 MHz ‘
MO Phase Shifter T 510MHz 508.9MHz
Injection phase ¢
¢ 1 controller until Phase-| Main Ring
Freq Multi/Div [« ; ;
42| =X ‘OLER - OHER Linac reference RF phase is changed to HER/LER
10.384 MHz HER: 0 . .
285602 injection phases depending on the beam mode.
b1+ 42 Laser system cannot accept such a high speed phase change.
Freq Multi/Div Master Oscillator Phase Shifter (MOPS) has been installed.
» RF phase for laser system is kept 0,
Event | . . .
System | 114MHz ,g5g | Phase Shifter for DR » Linac RF phase is switched 0.z /0, ¢
K7 :7 ‘7 §7 Sector3 Sector4 Sector5
571
Sector A/B/C/1/2/3 O/E O/E
EQ ;
LLRF Cont Unit

571 MHZ7 A~
TD4V E 3 E i

to RF Monitors

SHB1 SHB2

Grid Pulser
Thermionic Gun

A

Laser RF
System Gun

|—>

to RF Monitors

DR
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LINAC Main Station

System for SuperKEKB:

A

Freq Multi/Div

LINAC-MO
. dync P
& L 1/51 <
571.2 MHz

ISRBEEmER 2 —

SuperKEKB Control Room

MO Phase Shifter

1)

LER: :OLER - OHER

2
10.384 MHz ,éi 92| her: 0

Main MO
U )| 1/51
510MHz 508.9MHz
Main Ring

S-band phase shifter

RF phase downstream of DR will be changed

for higher synchronization rate against MR bucket selection.
(Phase will be controlled by "bucket selection" and set by
"EVG" for each pulse )

Thermionic Gun

A
Laser RF

System Gun

2856 MHz
Ppl+ g2
Freq Multi/Div
Event |
System 114MHz 2856 Phase Shifter for DR
MHz @4_ [e/0]
571
Sector A/B/C/1/2/3
EQ ;
571 MHZ LLRF Cont Unit
‘7_,-\— to RF Monitors
TD4V E 3 E 3
SHB1 SHB2
Grid Pulser

Sector3 Sector4d Sector5
O/E O/E
to RF Monitors
prR | KLY/ e
LINAC
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Specification of MO Phase Shifter
Phase Range -450.00 deg ~ + 450.00 deg
Resolution 0.01 deg

peed 1 deg/ms ~ 1000 deg/ms

Linearity <0.1deg
High: LER / Low: HER

571.2MHz PHASE SHIFTER

571.2 MHz / 2856 MHz Phase Shifter

=
4l

o

(7))

S ¢, =0 (HER, PF, PFAR)
¢1 = Ougr e ¢2 = O.gr — Ougr (LER)

PS1 out PS2 ouf 5
PS1 I Ps2 <
LINAC-MO Q ¢1 Q ¢1 —+ ¢2 1  2.00v/  00s 20008/ | Trigd? | 4.25V
571.2MHz modulatorl modulator2 8 Phase Change:

400deg — 0 deg @ 500 deg/ms

_ 0.8 ms =

<
<« »

11_BB
Q2_BB

12_BB

Ql_BB

ADC2

[aoce

QU
|| =
allo

Mot o
o Ethernet o In the operation of SuperKEKB,
The digital control units in phase change speed :

the IfItIKB Linac are ba?sed PS1= 1deg/ms
on Xilinx ML605 and its PS2 = 100 deg/ms
daughter board.
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Freq Mult/Div (#0)  Freq Mult/Div (#1) S-band Phase shifter Reference Signal Generator
MO Phase Shifter Amplifiers (for sect.3- sect.5) (Frequency Multiplier/Divider)

~

\
:@ 571.2 MHz

571 MHz » 1/5 =@ 114.2 MHz
phase det. :
P/D |« 1/5 1/11 »(O) 10.38 MHz

2856 MHz
VCO

2856 MHz

197 MHz

83 MHz

3053 MHz
VGO

Y
Y © W

\ 4

1/6

Y

@ 508.8 MHz

10.38 MHz
phase det. s

P/D |«

|
|
|
|
|
|
|
/

Linac Master Oscillator
571.2 MHz

Thermostatic chamber : 28 + 0.05 °C

Peltier devices
(no mechanical vibration)

2019/Sep./30 LLRF19 KEK Lab t®
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L] Video out 1-4
LLRF Control Unit |
LLRF cont. unit A[madil)\o
Front _
- . 1
e et 60 kW Sub-booster LLRF cont. unit interlock " 114.24MHz
kly. nterlock = CLK

RF ON/OFF |——* ;PG‘:I EEWR “

oar = e e e KLY Pf

600W Amp il 5 AD/DA AMP
Pulse gate ——»| £ board p— Log KLY Pb
0°/180° gate —> S Sl L
o
8 klystrons 40 MW Event | fiber £ '
[+ I/a +—— RFIN
Klystron system ZI: “E Demodulator
SLED EPICS @ | LO!
l10C —1 va RF OUT
—* Modulator
8ch Level Out 1 I Q LO
EXT Ref.
Amp ctrl AD/DA

Phase ctrl 2856 MHz

o o | | o o | = = I
"EVR" is built-in to identify the Event code & Shot ID.

RF Monitor

. X RF Monitor Waveform Viewer =0 E=R===)
File RF Monitor Waveform Viewer V0.2
RF monitor rack
Sect: A —|KLy: KLAZ —|S1G: KLAZKLYPF — | Type: AmpiPhase —| Event: HIM —
(30 racks are installed) Server:| rimonvaiaz  RecordName:|  LIRMKL_AZIKLYPF_WAVE_ANIM  Start | Stop | Seriw:| 146047 ca| orr  on | oFF

WF Update:| 2016710718 11:22:35.198347686  Interval: 100 — | [ms] Offsetl: -52 Q: 28 Angle: 0

Amp Peak: 5070 Amp Ave.: 5053 Phase Ave.. 93 Peak/Ave Range: 500 - 520

CH:| 1 EventCode:| 181 Counter:| 135 ShotlD:| 30089

KLY Pf Amplitude
SLED Pf

KLY

T T T
1000 2000

—> Kly Pf

‘ V:rlica]: Woauto min:[0 max:[100  Horizontal: W auto min:[d  max:[100  set | ‘
SLEDD‘ lﬁ P? CH:[ 2 EventCode:| 181 Counter:| 135 ShotiD:| 30069
Iﬁ P q
> Acc out Phase(deg)

E b 7—_| timi Stand-by timing ™
KEK Lab talk (T.Matsuin e (1 2 e R e (R [ €50 | o) |
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with thermionic e- gun and rf e- gun e 51
- -
File Ref Mag BPM Update 2019/06/05 01:13:23 v62 Fle Ref Mag BPM Updale 2019/06/05 00:51:13 vE.2
Linac KEKB e- Orbit (GR_A1) | 2019/0605 0 3 Linac KEKB e+ Orbit 2019/06/05 00:51:13
= DX 1st DX
B RMS : 1.166 = + RMS : 2.429
E Max : 3678@QXDSE M | £ 1
E Min : -3673@SP_R0 62| 5 - H O r O rbit |
E - .
=2 I =
3 v DY %
RMS : 0.827 .
g Max : 2.666@QTD2E_M =
E Min ; -2.805@QX2E M £ V b 't
E z er. orol
=
b S [ QMD10E_M =
DX(1st):| 0.630 mm “
2 "
DX(2nd):| 0.000 mm B h h
o ? D¥(1sty:| -1.336 mm z u nC C a rge
I 2 DV{znd):| 0000 mm n
05 0| gpisty:| 0391 nC G DAY i
[ Qznd):| 0000 nC DY(1st):| 0.670 mm
T A T T TE® AT o f 2 it T ALt R RS ”;ﬁgrﬁﬁgg.:?
R L L e s z YRR BESE QR | 0.
s T ‘f'“:'m““JWE&‘ e el D NN o ORI e
A Beam Rep— -Beam Gate—FC_1 Beam Rep—
[ove e 1 .0 s 57 oz i oo [ o2 i
Range DX 5 — (DY 5 —|Qe- 2 —|Ges 2 Range DX § —
| 7 W Ref _| Cur-Ref _j AveS _| AvelD | 2019/05/09 19:32:2Z2 Set Ref well | 2019/05/15 00:01:33 Set Ref
NANBMNRMNCMNIMN IaIAIISIBIBTHIH!JZMHIVISIME‘ ‘_IKHP_IFFE_IGFE_I A JBE _{ JBP _{ RFE _{ SFE MAMBWRMCMI1WzMDMIEA4MS M6 M BT| W ist 2| W visile| | 4 KBE _{ PFFE 1 QFE 4 _{JBE _{ JBP _| RFE _{ SFE
QMD10E_M : DX=[ 0.00, 0.00] DY=] -0.78, 0.00] Qe+=[ 0.38, 0.00] | _ichythreshold A — | SP.Al G — | 1st —[o1 [nq‘ ‘ i peakhold 300 — | 2 resize | g8l[|| QCF3P_K: DX-[ -0.68, 2401 DV=[ -0.69, 2.39] Oe+=[ 0.61, 0.02] ‘ _fchy threshold A —| SP.AT O — | 1st — o1 [nC]‘ ‘ i peak hold 300 — | resize | g
File Ref May BPM Update 2019/06/05 01:26:05 ve.2 _Ner My BPM Update 2019/06/05 01:29:03 v6.2
5 o i - i 2019/06/05 01:29:03
Linac PF-A1 e- Orbit 2019/06/05 01:26:05 Linac AR e- Orbit ®
4] DX 1st 4 " rDX-u
4 - RMS : 1.603 ra |
i Max : 9.212@QC1 = H
E i 2347651 75 | 2 Hor. orbit |
] . |
3I ! N L [ DY st
RMS : 0.878 o
E Max : 4.094@QC1 Fa2d H
. i sagoiz | 03 Ver. orbit
E 24
E <3 T
él, gy R I — | aGzz wreee -t BPMZ1
DX(1st):[ 1338 mm DX(1sty:| 1521 mm
] 04 | pX(znd):| 0.000 mm
] 0% 9| py(1st):| -0.803 mm
. 2 X
b s e i : +é 02 Z | py(znd):| 0.000 mm PR S UnC C ar e
1 01 O geist):| 0,126 nc ; e -
e R R e e S co LoD G0 009§ gog 8 Smm o 9 5 5 5 SaEm o ey e
P sy s wenBeS SNSRI s P S 3 SIS S S SRS F & 8F GE e e O R s s s s e 2 A 2 2 2 2 % 222 ==n
; EREERES Tl SUURHE G masciinemBiBEOR £ S 8 5 R &5 5 8 2 g8 2 2 e e e A T o 2 S P A2 S PR SR S MRS S s B 5 - how s
W G TR R QI s D R RS D008 5 W L T e e, LT

G ligiseom B Tharmionic gun 178 [0 swoowy 57D o Thermionic gun et

Range DX 5§ — |DY 5 —|Qe- 0.4 —|Q e DX 5 ~|DY § —|Qe 04 —|Qe+ 0.4

ef g Cur-Ref _j AveS _j Avel0 | 2019/0511 02:14:45 Set Ref | m owr om ser ) wr-rel | AveS f Avelll 2019/05/1519:14:44 Set Rel
MANBWRWCHI1MZE3mamsme mBT|m st s znu|m visie | | KBE L KBP _j PFE f ARE | JBE _| JBP _j RFE f SFE IIBIRI'CI'1I’ZI’3I'4I'5I’HTHIEl.IanHIVISIhIE‘ I KBE | KBP { PFE y GFF yJBE {JBP _j RFE { SFE J
SP_36_4: DX=] 057, 0.00] DY=[ -0.24, 0.00] Qe[ 0.0, 0.00] ‘ | chy threshold A | SPAT O | 1st _ [[1 [nq‘ ‘.pgakhom 600 — || 566 | resize | gl 4:0%-1-0.10,0.001bV-1 0.3 0.001 Qes=[ 0.00, 0.00] ‘ _i chg threshold A — | SP.AT O — | 1st —|[o1 [nq‘ ‘l peakchold 300 — || 281 resize
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(Application of RF monitor) . S
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Motivation

Monitored RF phase is affected temperature drift of cable and monitor system.
By comparing the phase of driving RF and beam induced RF in the accelerating structure, we
can expect to get the beam phase against RF without system drift error.

Sect: B —|KLY: KLE? —|SI6: KL B7:AC — |Tupe: Amp/Phase — |Event: KEE — |Last: Mone —|

Amplitude estimation Server: rFmonvxib? Recordiame; LIiRH:KL_B?:QCC_UQ\;E_?:KBE Start | Stop |Serial;| 152007 Calj | Unknoun OH ﬂ
WF Update: | 2018/12/10 17355;47,400847054 Intervalt 100 — | [ms Offset [t -2 03 -B  Angle: 300
ACC Grad : 20 IVIV/m FIEI:E HVET.: :f:stcz}?::;e F];-le':E:f:tﬁrljeakl/gl:esizr;'g;: 1_52532;91559 ®  AmpZ Ave,i 726 PhaseZ Ave.: B9 Range: 520 - 050 W
-40.9 dB *1 Amplitud
Beam Induced: small sl Beam induced
180 kV/m @ 2nC, 3.3ps —
< > < >
ACC Timing ™ STB Timing ™
. ] [ Vertical: M auto ming [0 maxt [100 Horizontal: @ auta mini [0 naxt [100 Ll‘ ’{Pv TIHE(u )|
Fast ATT SW|tCh|ng mOdU|e CH:| 2 EventCode:| 31 Counter:| 198 ShotID: [-24233
I\ i
200 i i! i |'IE*!.‘ _"',..'i- _..‘:.i.iif. ‘ “I' ¢ ; III ||l \ I !
/ — 30dB or 40dB \ N ‘i"i‘,l‘l f:.:"lli;u.:’“ tl,' i H: -i‘ : |".!. ',‘.ﬁ ",E al In || 'Il:” Ell:.i. |‘H Il I ‘Nlll
11]S o I :l| iy "
Q ATT | & il T l; 3 e L) .|w||‘” flh
) (: Phase | i '
. ) . [Rizitlcal: W auto ming |0 max: 100 Horizontal: @ auto min: [0 maz [100 il‘ {iazisv TIME(us)|
Beam & HV_off i Fast Switching 2018/12/10
g [ ' ' Amplitude of Beam Induced RF
< 105}
Judged by _ 5 vs. Bunch charge
\ beam trigger & HV trigger / g o1
£ | Amplitude of beam induced RF is
09 .
Installed Unit : A2, B7, C1, 12, 22, 38, 45,53,57 3 ,.| proportional to bunch charge.
g (plotted at the same shot ID)

0.8 L L i
2019/Sep./30 LLRF19 KEK La¥%alk (T?atsu§edto) 7000 7500 10

Amplitude of Beam Induced RF (a.u.)



(E) ICE K Block Diagram of MO Synchronization

LINAC MO Phase [deg.]

Super

KeKB

l

-------

0
#

A} A 4
M - -
: --{ Thermionic Gun |

Injector linac

MR MO and DR MO phases have been locked by PLL.

< Linac MO phase had not been locked to Ring MO phase.

Ring MO Phase [deg.]

(by T. Kobayashi)

T 1
C =2 N W OO O N 0 ©

9 ; ; ; ;
g |- |——LINAC MO (571.2 MHz) i
_ | [=——Ring MO (508.9 MHz) |
6 r _
5L

al

3

2

1 _
0 Rimmetn - AN - P —
_21®19/Seq:)./301ELRF123 32 40 48 56

Time [hours]

: -1
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...............
R ~

— linac gallery — KEKB control room
PLL MMO
510 MHz o /@7. 510 MHz @
10 MHz 1/51 | PS 1/51
linac MO 10 MHz
571.2 MHz i
DR MO MR MO d
MOPS PSlE?E‘ _____ L ew: 508.9 MHz 508.9 MHz QO
|
! Phase Drift PS |
|
Psz Compensation System | | %
h —_—— e e e e e e »
RF-Dist.&PLL RF-Dist.&PLL
[ReFsG1]|  [REFsG?] - e
' v 2
Laser Gun Trigger | PsS PS PS
System System

e
~

~

\
'

{ BCS ECS N

SRR RRURRRRRRY A WU et
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Linac MO & Ring MO phases are monitored with the
clock based on Linac MO.

This phase drift has strong correlation with
temperature of the Ring MO room.
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(E) ICE I( Phase Drift Compensation between
Linac MO and Ring MO

BCS Cavity

Sector 1 Sector 2 bx Sector 3

Posm—on Target

145

|— Phase Difference

Phase [deg]
)

@571.2 MHz

143

142

- 4 L 1 1 1 1 1 L 1
0 1 2 3 4 5 6 7 8

Time [hours]

Horizontal Beam Position [mm]

Time [hours]
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140

139

138

137

-
=]

Horizontal Beam Position [mm]

[==]

s

[=]

FS

T VAl I P e A B

APhase

Linac MO
Phase

Super
KEeEKB
» -

For the drift compensation between Linac MO & Ring MO,

DR
-Emfﬁm;:;ssi;tﬁnR:E)L) Linac MO phase is changed to follow Ring MO phase by
using MO Phase shifter.
” RTL (BCS)
; h Normalized to 571 MHz %

L e

Ring MO Phase
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5 deg

19/02/04  19/03/04  19/03/04  19/03/04  19/03/04  10/03/04  10/03/04  19/0304  19/03/04  19/03/04  19/03/04  19/03104
12:00:00  1300:00 14:00:00 15:00:00 16:00:00 17:00:00 18:00:00 19:00:00  20:00:00  21:00:00 22:00:00 23:00:00

@BCS arc

—BPM1
—BPM2]| |

=]

Time [hours]

KEK Lab talk (T.Matsumoto)

Slow drift was
disappeared
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* Inthe KEK, the LLRF control systems of each accelerator work well. This
contributes to steady beam operation for each accelerator.

* The RF distribution system of Injector linac was reconfigured for
SuperKEKB project. The MO phase shifter and the S-band phase shifter,
and the phase drift compensation system between Linac MO and Ring MO
were installed.

* The LLRF control unit and the RF monitor have been developed to achieve
the simultaneous beam injection of four independent rings.
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* Thank you for your attention!

KEKBAMER AR 121t

STF-2 SuperKEKB cERL
- LINAC
- SuperKEKB ring

2019/Sep./30 LLRF19 KEK Lab talk (T.Matsumoto) 14



